A 69-year-old woman was admitted for further examinations and treatment of chest pain. Emergency cardiac catheterization showed no significant stenosis on coronary angiograms; however, diffuse wall hypokinesis was observed on a left ventriculogram. After treating the patient's heart failure, cardiac catheterization was performed again. A spasm provocation test showed coronary spasms of the right and left coronary arteries. A right ventricular endomyocardial biopsy revealed denaturation and fibrosis of the myocardium under the endocardium, thus suggesting the presence of myocardial ischemia. This case highlights coronary spasms as a cause of heart failure.
Introduction
Vasospastic angina is characterized by transient abnormal contractions of the epicardial coronary arteries, causing myocardial ischemia and anginal attacks (1) (2) (3) . It is well known that coronary spasms cause not only anginal attacks, but also fatal arrhythmia and sudden death (4) . Contrary reports have also stated that coronary spasms may play a role in the development of heart failure (5) (6) (7) (8) . In this study, we report the case of a patient with heart failure due to coronary spasms, as suggested by the clinical and pathological findings.
Case Report
A 69-year-old woman was being regularly followed up by her outpatient physician during the course of treatment for chronic atrial fibrillation and hypothyroidism. Echocardiography performed five months before admission to our hospital revealed a left ventricular ejection fraction (LVEF) of 50%. In November 2011, she experienced general mal-aise due to excitement. In early December 2011, she began to experience a feeling of chest oppression while using the stairs. Toward the end of December, she experienced chest pain that lasted for 30 minutes after bathing at approximately 21:00 hours. At midnight, she experienced chest pain during sleep for 30 minutes. When she consulted her family physician the next day, an electrocardiogram (ECG) showed ST changes, and a human-fatty acid binding protein assay was positive. Therefore, she was referred to our hospital and admitted for a further examination.
The patient had a family history of hypertension, gastric carcinoma and glaucoma on her father's side. She also had a history of ectopic pregnancy and acute pyelonephritis at 25 years of age and glaucoma at 67 years of age. Her physical examination findings on admission were as follows: consciousness, clear; body temperature, 36.2 ; blood pressure, 114/70 mmHg; pulse rate, 92 beats/min and irregular; resting SpO2, 99% (indoor atmospheric pressure); rales in the lower lung fields; and no cardiac murmurs. Laboratory tests performed on admission revealed elevated levels of creatinine kinase (314 IU/L) and brain natriuretic peptide (299 pg/mL) with a positive quick troponin T test. On a chest X- ray, the cardiothoracic ratio was 63%, indicating cardiomegaly, and slight congestion was observed in the bilateral lung fields. An ECG revealed atrial fibrillation and negative T waves in I, II, aVL, aVF and V3-6 ( Fig. 1 ). Echocardiography revealed diffuse hypokinesis of the left ventricle (LV), with an LVEF of 39% accompanied by slight dilatation of the LV with an LV end-diastolic dimension of 57 mm ( Fig. 2a ). Emergency cardiac catheterization was performed. Coronary angiography indicated only moderate stenosis of the left anterior descending coronary artery (LAD), while left ventriculography (LVG) showed diffuse hypokinesis of the LV, with an LVEF of 26% ( Fig. 3 ).
Heart failure was diagnosed based on the these clinical findings, although the causes of the patient's chest pain and elevation of the levels of cardiac biomarkers were unclear at the time. First, we administered a diuretic and beta blocker to treat the heart failure. On the fourth hospital day, adenosine stress thallium-201 myocardial perfusion scintigraphy revealed LV dilatation and diffuse impairment of the LV wall motion with no perfusion defects, suggesting myocardial ischemia or necrosis (Fig. 4 ). The status of the patient's heart failure improved, not promptly but rather gradually, in response to the treatment of heart failure. Echocardiography performed on the 11th hospital day revealed diffuse hypoki- 
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Rest nesis of the LV with an LVEF of 19%, which was worse than that observed at admission (Fig. 2b) .
Because the causes of the patient's chest pain and increased cardiac enzyme levels were unclear, we performed cardiac catheterization again on the 17th hospital day. Swan-Ganz catheterization showed a normal pulmonary capillary wedge pressure (10/8/9 mmHg) and a reduced cardiac index (1.47 L/min/m 2 ). Coronary angiography showed the same findings as the first examination; therefore, a coronary spasm provocation test was performed. Infusion of acetylcholine at doses of 30 and 50 μg caused severe spasms of the distal portion of the right coronary artery, accompanied by chest pain. Due to the prolonged coronary spasms, 5 mg of nitroglycerin was administered via an intracoronary infusion. Thereafter, the coronary spasms were alleviated ( Fig. 5) . Subsequently, the infusion of acetylcholine at doses of 50 and 100 μg caused diffuse spasms of the mid-distal segments of the LAD and focal spasms of the proximal segment of the left circumflex coronary artery, accompanied by chest pain. Following the administration of nitroglycerin, the coronary spasms were alleviated, and no significant stenosis was observed in the coronary arteries ( Fig. 5 ). LVG showed diffuse impairment of the LV, with an LVEF of 41%. To investigate the cause of the LV systolic dysfunction, we performed a right ventricular endomyocardial biopsy. The degree of endomyocardial fibrosis varied from one area to another. The myocardial fibers were in disarray and differed in size with nuclear irregularities (Fig. 6a ). Mild myocardial fibrosis was also observed (Fig. 6b ).
Based on these findings, we diagnosed the patient as having vasospastic angina with repeated myocardial ischemia caused a denatured myocardium, leading to the development 
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Masson-trichrome stain ×200 Masson-trichrome stain ×400 of heart failure. Calcium channel blockers were administered. Before discharge on the 22nd hospital day, an ECG showed bradycardia with atrial fibrillation and negative T wave changes similar to that observed at admission (Fig. 1) . Echocardiography revealed diffuse hypokinesis of the LV with an LVEF of 40% (Fig. 2c) , which was improved compared with that observed on the 11th hospital day. The patient was discharged from our hospital on the 23rd hospital day. Thereafter, she experienced no chest symptoms, and echocardiography performed six months after admission showed only slight impairment of the LV wall motion, with an LVEF of 51%.
Discussion
In this study, we described the case of a patient with heart failure accompanied by chest pain and elevations in the levels of cardiac biomarkers. Because we believed that myocardial ischemia contributed to the patient's condition, we performed emergency coronary angiography; however, no sig-nificant coronary stenosis was observed on coronary angiography. Treatment for heart failure was initiated, although the patient's condition only gradually improved. Following stabilization of the heart failure, a second cardiac catheterization revealed the presence of multivessel coronary spasms on coronary angiography and ischemic changes within the endomyocardium, suggesting that the coronary spasms played some role in the development of heart failure in this patient.
There have been several reports investigating the relationship between heart failure and coronary spasms (5) (6) (7) (8) (9) (10) (11) (12) . The frequency of the provocation of coronary spasms in patients with LV dysfunction ranges from 2.4% to 47.6% (5) (6) (7) (8) (9) 12) . Although the frequency of coronary spasms in such patients may vary according to differences in the studied populations, the timing of the provocation of spasms and prescribed medications, recent reports suggest that the frequency of coronary spasms in patients with LV dysfunction is more common, ranging from 33% to 47.6% (5) (6) (7) (8) . In contrast, it has been reported that the coronary endothelial function is more severely impaired in patients with heart failure (13, 14) , with coronary spasms being a consequence of heart failure. The finding that the occurrence of chest symptoms before the development of heart failure is less frequently observed (approximately 30%) in patients with heart failure and coronary spasms (7, 8) may account for this phenomenon. However, several studies have demonstrated the effectiveness of antivasospastic agents, such as calciumchannel blockers, in improving the parameters of the cardiac function in patients with LV dysfunction and coronary spasms (5, 7, 8, 10, 11) . Sueda et al. (7) reported that the LV end-diastolic and end-systolic dimensions after one year of medical therapy are significantly smaller in patients with heart failure due to coronary spasms. Considering the effects of antivasospastic agents in improving the parameters of the cardiac function, coronary spasms may be a cause of heart failure.
In the present case, an endomyocardial biopsy revealed slight myocardial degeneration and interstitial fibrosis, indicating the possibility of essential myocardial disease. Inami et al. (8) reported no specific findings on endomyocardial biopsies in their study of patients with LV dysfunction and coronary spasms. In contrast, some experimental studies using animals have shown that microvascular spasms can cause myocardial degeneration and interstitial fibrosis (15) . Therefore, coronary spasm-related changes in the myocardium may be present in the clinical setting, and the frequency of these changes may be variable due to the degree and duration of coronary spasm-induced myocardial ischemia. In the present case, we carefully focused more on the findings of the endomyocardium, which was obviously irregular and accompanied by slight lamellar fibrosis with differences in size, nuclear form irregularities and an arrangement disorder of the cardiac muscle cells under the endomyocardium. Although these findings are also nonspecific to cardiomyopathy, they are believed to indicate ischemia-related changes in the myocardium and endomyocardium due to chronic myocardial ischemia (16) . This is because the myocardium on the endomyocardial side is more vulnerable to ischemia than that on the epicardial side, and disorders of the former appear earlier due to coronary circulatory disturbances. Considering these disorders of the endomyocardium and myocardium under the endomyocardium, extensive and chronic myocardial ischemia due to coronary spasms may, in part, contribute to the development of heart failure.
In this case, a calcium channel blocker was administered after a spasm provocation test, and the patient recovered without any chest symptoms or recurrence of heart failure. Regarding the patient's cardiac function, the LVEF on echocardiography was restored to 51% six months after discharge. Moreover, although the cardiac function may improve only with conventional treatment for heart failure, improvements in the cardiac function may be increased by combining conventional treatment for heart failure with the administration of antivasospastic agents, such as calcium channel blockers (7, 8) . In addition, the use of monotherapy with a beta-blocker in patients with heart failure and positive spasms may sometimes result in the aggravation of the coronary spasms. Therefore, physicians should keep in mind the possibility of spasm-related ischemic heart failure, which was reported as vasospastic heart failure by Sueda et al. (7) , and perform spasm provocation tests in patients with heart failure of unknown origin without fixed coronary stenosis.
In summary, we evaluated a woman with heart failure without significant stenosis on the first coronary angiogram in whom spasm-induced myocardial ischemia was diagnosed based on the findings of a second coronary angiogram and an endomyocardial biopsy. The coronary spasms may, in part, have contributed to the development of heart failure in this case. Coronary spasms should be considered a possible cause of heart failure.
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